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Abstract

The aim of the study is to calculate the parameibthe movable pipeline ship unloading as a pathe cargo plan of
CNG ship, to develop &thnological scheme of the pipeline strapping efdbntainers system, to develop an unloading sc
of a CNG ship under the conditions of the differecthemes of mooring, to calculate the parametetiseofas flow during tt
unloading process.

The scientific novelty of the work is to substatgishe technological strapping of the containeckdoin order @ make
loading/unloading of the CNG vehicle uniform, tatetenine the required performance of unloading oantd to ensure t
unloading duration up to 12 hours.

According to the research there is offered the adgiltg scheme of the CNG vehicle under the conditiohthe bov
mooring to the port facilities and the presencetleé bow and stern containers blocks connectionghé pipeline
communications.

There are offered two concurrent unloading poirith the maximum unloading capacity of 150 kg/s. Tur¢her layout ¢
the turbo expander and compressor equipment shesilit from the offered parameters scheme.

It is proved that the offered pilsge communication scheme provides with the unifehiip unloading (pressure differe
in individual containers blocks (0,5-0,7 bar), hwer there is a significant uniform (up to °8) temperature lowering of tl
gas due to physical processes of the thaottling in CNG cylinders. During further resefastudies it should be considered
impact of the temperature lowering on the mechapiaaperties of the CNG cylinders composite mate@nerally, the offere
unloading scheme will allow ship unloading in thteomically reasonable period of 12 hours.

The results should be used farther development of the technological schemgrofind equipment for connecting ¢
CNG vehicle, for choosing the technological equiptnexssessing the gas flowrameters influence on the mechar
properties of the pipes metal and the compositemaht
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The development strategy of oil and gas sector of Ukrainian scientists offered the concept of marine
Ukraine up to 2030 states that the guarantee afobeg) transportation technology of compressed natural gas
natural gas consumption and the sources of itsveego (CNG) by container ships [1]. The peculiar featof¢he
include natural gas production by the Ukrainian jganes offered technology, in contrast to the technolofynarine
outside Ukraine. The appropriate countries areaes transportation by CNG ships, is that a containgp &h
with large reserves for the gas production increastheir loaded at any seaport container terminal with ap&6- or
territories — Algeria, Libya, Iran and others. Irés;a 40-foot sea containers that contain tanks for cesgad
prospective source of gas import to Ukraine. Thesgas storage. Natural gas can also be downloadéik at
perspectives are related with the use of the "Najuc offshore gas fields directly in tank containerst thse
pipeline that is developed by the INOGATE prograntocated on the container ships similarly to the Cltips
under the aegis of the EU. However, due to variodsading.
objective and subjective factors, these prospectss a  Accordingly prepared natural gas is transmittec by
reducing. In prospect the most promising gas seipfir  high pressure pipeline from the field into the mhigh
Ukraine is an Algerian project, but the restrictigetor of pressure cargo system of the container ship; thés i
this project is the problem of the produced gasompressed under the pressure of 20-25 MPa. High
transportation to Ukraine. The concept of comprkss@ressure pipes of the trunk pipelines combine liekd of
natural gas transportation by container ships &xoa this CNG Modules (100-500 items) that are located on the
problem solving. deck and in the holds of a CNG container ship.

Gas is directly unloaded into the gas transmission
system or an underground gas holder of Ukraine at

* Corresponding author: appropriate terminals. Compressed natural gas i CN
susak52@gmail.com Modules is unloaded in the gas transmission system

© 2013, Ivano-Frankivsk National Technical through a system of pipelines and reduces the ymeess
University of Oil and Gas. in the CNG Modules according to the GTS
All rights reserved. specifications. This system doesn’t need significan
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investments into construction of marine pipelines! a There is sufficient scientific and production
natural gas liquefaction plants in order to deliiteto  potential in Ukraine to generate a key elementhef t
the market on LNG ships, construction or purchase aew technology — its own competitive CNG ships.
CNG gas carriers. The main objects of the investsenThere can be built ships with the deadweight up to
in this new technology are the special Modules fo80,000 tons, the length up to 300 meters and tlléhwi
transportation and storage of compressed natusal ga up to 35.0 meters at the Ukrainian shipbuildingigar

The peculiarity of the present stage of the  The global "container crisis" is very conducive for
development of CNG technology is the transitiothef the concept of natural gas transportation by CNG
companies interested in implementation of the @éturcontainer ships.
gas marine transportation projects from conceptual The consequences of the crisis are: permanently
analysis to the detailed engineering design ofbiéigic reducing charter rates for container ships sincg820
elements of transmission chain and forming of aAccording to analytical agencies the rates in the
international consortia for the practical implensti@n  direction Asia — the United States declined inflkeod
of CNG projects in different parts of the world.eTfirst  of November—January 2009 by 12.1%, in the period
CNG ships and commercial transportation ofanuary 2008 — January 2009 by 14.3%.
compressed natural gas can appear in 2013-2014. The charter rates for the container tonnage are

Several international companies (Ener Sepredicted to decline due to the crisis to the en2043.
Transport LLC (USA), Knutsen OAS Shipping iThis situation means that more container shipsdstan
Compressed Energy Technology AS (both 4dle. The number of idle ships that were taken fithim
Norwegian), TransCanada Pipeline Ltd., TransOse&ervice by their owner-operators or that were rnsdrto
Gas Inc., Sea NG Management Corporation (Canadiahgir ownersincreased twice during 2009 and in three
are currently working on projects of CNG ships vifile times in the end of 2010. The number of ships stexid
natural gas capacity of 3 to 33 millior? {2—8]. idle is predicted to reach 25%.

According to their suggestions the following That is why the container crisis situation can
equipment can be boarded on a CNG ship: a device fagnificantly reduce the cost of gas transportatiyn
receiving natural gas from the offshore terminble t CNG Modules.
system for complex gas preparation, the system of The comparative natural gas transportation rates
compressed gas storage, compression system and @heshown in Figure 1.
system of gas shipment at the offshore receiving .

terminal. The ship must be equipped with a dynam-, _ [ R—
positioning system in order to work with offshores * [Tauetioa Natural Gas (LNG P
terminals. 2 7

Building of CNG ships in Ukrainian plants will © * L -
cost 1.5 cheaper than in foreign shipyards. Duthéo g ””/W%'/‘/Z
low cost of transportation services of Ukrainian @N  * /A/Z/}///*”)//”///Wﬁ

30

ships, the shipowner will be able to maneuver thg g 7 o oylinder CNG)
H H — as composite ©
transportation tariffs [1, 9, 10]. 2 ///Mw e rea Narel 625

According to international experts [4, 11] the ™ |
transportation of natural gas on CNG ships willtcos °, 500 1000 1500 2000 2500 3000 3500 4000
1.5-2.0 cheaper than transportation by marine ipigel Distance, km

S ' . Figure 1 — The comparative natural gas
or by LNG ships in liquefied state with natural ga . Co
delivery volumes 0.5-4.0 billion hrper year with the S[ransportatlon rates (underwater pipeline LNG, CNG)

distances from 250 to 2500 km. The method of compressed natural gas

The advantages of compressed natural g?rsansportation by “movable pipelines” can be used

transportation using CNG Modules in comparison W'tlaccording to the offered concept. This means a bleva

LNG technology are the following: o ) : e
the Iowerggost of gas transgortation in compariso Ipeline can be filled with purified compressedunat
ith deep pivelines and LNG- as, which is moved by a marine vehicle and unldade
Wi the pzftl)ﬁitl to desian ,and build quickly and in the final point. The newness of the method esftct
autonomousl 3(“ Ipressu?e CNG Modules‘? y that a pipeline is composed of connected Modules
ISy hig o o . g:igure 2), which dimensions match the dimensiohs o
experience in designing and building of containe dard shiopi : : heith
ships; standard shipping containers (Figure 3) attacl @o
o L . . marine vehicle with the compactly attached high
availability of scientific and technical support; | | h tub : h i
there is no need to build regasification plantha t pressure fong-length tube (F|_gure 4. T e operat
unloading vort: gas downloading and unloading are carried out tjtrou
therg pis ’no need for enerav expenditure fof system of pipelines that connect a movable pipeli
reqasification: gy exp with loading-unloading points; the movable pipeline
9 o . . r(?mains at the marine vehicle.
there is no need for the design and construction 0

expensive and technically complicated gas carifiars The purpose of this new transportation method is
=Xper 1y ) P 9 cheaper natural gas transportation, reduction dise af
liquefied gas transportation;

the level of environmental hazards is lower construction-and-assembling operations and reductio
' its final price for consumers. The efficiency ofrgoressed
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ensuring the operation economic efficiency of the
movable pipeline container carrier.

The aim of the research is to calculate the
parameters of the ship unloading as a part of #ngoc
plan of a CNG ship. It is necessary to have peecis
information on sailing conditions, specificationg o
CNG Modules and data about container ship (theadeti
drawings, design drawings, etc.) in order to make a
comprehensive cargo plan for the movable pipeline
container ship.

The basis of the safe navigation of the container
ship is its stability, general and local strengtihowable
trim difference and careen. For this purpose CNG
Modules must be efficiently distributed in widtlength
and height of the ship. The longitudinal strengthhe
ship is achieved mainly through efficient load
distribution of CNG Modules along the length of the
ship. That is why a large mass should be placetien
middle holds, and the lateral compartments of the
container ship should not be overloaded.

The coordinates of the gravity centers of each
section (block) of the Modules should be determined
during allocation of CNG Modules in the compartnsent
of the container ship. The data on the weight ofluhes
blocks, their gravity centers and similar datadtrship
reserves and ballast make it possible to calculate
weight moments relatively to the principal axestioé
container ship.

A container ship careen should not exceed®3-5
during loading-unloading of CNG Modules, in other
case a module will be jammed in guiding cells. He t

. Lo |ast resort for the careen reduction one can usEega
natural gas transportation by movable pipelines 5

) S 7 rim ballast system.
confirmed _by the Ukrainian scientists [1, 12]. The nun};ber of CNG Modules tiers is defined by
Location of CNG Modules m_the system Of.thethe requirements of stability and allowable loaddeck
compressed gas storage and their combination mtoaﬁ d hatch covers
movable pipeline must match "cargo plan” of thegshi )

. . . During operation of movable pipelines container
The container-carrier cargo plan of the movablelme shios it is necessary to control the shio’s stabditer
should be made according to the general requireame P y P

. : ) S fits loading. The container ship must be equippetth wi
for the optimal location of cargo; the conditionar f special devices for measuring the careen angle and
future sailing should also be considered. P g g

S . . special careen-ballast tanks. The ship's stalshiguld
The main list of these requirements is th%g monitored during the rolling periodp higyu
following: ]

. . . o Assembling of the movable pipeline container shi
ensuring the required ship stability under thﬁwat is offeredg by the concep? Fgjluthors [1] for thg

different load variations; . L .

. container ship with a capacity of 2240 FEU (Foucatyt

ensuring the safety of the container carrier des'gi]:jquivalent Unit) is shown in Figures 5 and 6.

and Iter?sse?\];:tigqnovgfbltehglpt?ime;difference and careen The movable pipeline of this ship is divided into 7
withir? acceptable limits: sections (blocks) with the characteristics listedable 1.
P P . To simulate the real properties of the natural gas
ensuring the most efficient use of load capamt%e c

and load-carrying capacity of the movable pipeline an use Soave—Redlich-Kwong equation [13]

Figure 4 — A long-length tube of a CNG Module

container carrier; - RT_ __a ' (1)
ensuring acceptable limits of loading and V-b V(V+b)

unloading of a movable pipeline container-carrier; where p is the absolute pressurd; is the absolute
ensuring the safe operation of the ship in thegplagemperatureV is the molar volumeR is the universal

of loading / unloading and during transitions; gas constantp, b are constants that depend on the
ensuring the safety of the transported CNGnatter properties. Coefficients of the equatipandb

Modules and natural gas in them; for a single gas component depend on the critical
ensuring the order of priority of compressed gagressure and the temperature of the component,

loading; uncentricity factor of the substance molecule tichs

ensuring the safety standards and occupationghay.
safety of the ship crew and port employees;
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Figure 5 — The layout of CNG Modules of the movablgipeline in the container ship
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Figure 6 — The scheme of CNG Modules amalgamationtd the movable pipeline

Table 1 — Main characteristics of the movable
pipeline blocks

Capacity, Total length of the pipe
Block # FEU of block Modules, m
1 390 42120
2 440 47520
3 260 28080
4 320 34560
5 208 22464
6 310 33480
7 312 33696
) 2240 241920
a(T)=a, a(T), 2
R2 T2.5
=Q —« 3
% =0, (3)
R-l—(:l'
b=Q, P (4)
0.5 2
T
a(T)=|1+ m[l—(_l_—) J , (5)

m=0.480+ 1.574v- 0.1767, (6)
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where Q, and Q, are the coefficients 0,42748 and
0.08664 respectivelyT is the critical temperature of
the gas componerk; p., is the critical pressure of the

gas component, Pa; is the uncentricity factor of the
substance.

The classical rule of the mixing phases is used for
calculation the gas mixtures [14, 15]. The molacfion
of methane in total gas composition is 95%, amaeéts
the requirements of the current regulations.

The specialized software was used to calculate the
parameters of the CNG ship unloading. The equations
system of the conservation laws of mass, momentum
and energy in order to calculate the stationarggseses
in general is the following:

d

—_ =0

dx(pv) '

dp__/\V|V| _ ; 7
o 2g PPOsina, (7)
dh_ 4 _ o

vl —pvdKaV(T T,)-gsina ,

wherep is the density of natural gasis the velocity of
the gas at the given pipeline poimt;is the absolute
natural gas pressure at the given pipeline paiig;the
coefficient of hydraulic resistance of the pipelire
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dimensionless value; is the angle between the pipe The Modules location in blocks is demonstrated in
generatrix and the horizontal, radiaf; is the average Figure 5. The unloading time is 12 hours; the satioh
coefficient of the general heat transfer from gas ttime is 14 hours (during the first two hours the
environment;7 is the natural gas temperature at thetationary operation mode of the system is simdlate
given point of a pipelinely is the gas temperature at thevhen gas is not picked from a movable pipeline)e Th
beginning of the pipeling] is the internal diameter of internal diameters of the pipe strapping of the atbe
the pipeh is the molar gas enthalpy. pipeline are 700 mm. The internal diameter of thpep
Under the condition of the non-stationarythat connects the ship with the terminal is 1000.mm
processes of gas transportation [16] we applied the The mass flow at the unloading point depends on
equations systems of motion and heat conductidhe technical conditions of the gas transmissisiesy

continuity in the following form: to which the CNG ship is connected. There was not
oG _dp chosen compressor and turbine expander equipment fo
&*’FE:O* the problem solving outlined in this article. Thmtial

data were specified by the boundary conditionsifass

16_6_2\,‘104.\,26_/04.@ oH +mp:o flow in the ship unloading points depending on the

top—

F ot ot ox ot ox 2 circuit connection (in the range of 100 to 290 kg/s
o OT T T(az\ \op Simulation was performed with a time step of
FpCy (—*'V—j": 1+—(—j = 10 seconds with the defined absolute pressure and
ot ox Z\0T ), ) ot S ;
temperature in individual container blocks for each
_p X (92 @+Fvgpa—H+Qe =0, circuit connection of the CNG ship. _ _
Z\aT ), ox X Figures 10-13 demonstrate a comparative analysis

where G is the mass flow rate of gas at the giver?f the absolute pressure and temperature changks in

pipeline point, kg/sF is the cross-sectional area of theP!0Ck Of container 2 for each unloading scheme.

inner tube, iy H is the height of the given pipeline The results of calculati_on showed that the gas
point above the sea level, nZ is the natural gas Pressure and temperature uniformly reduced fahedie

compressibility factor, a dimensionless val@; is the schemes of CNG Modules unloading in the movable

_ ... pipeline, indicating a uniform ship unloading. Thas
heat flow from gas through the inner surface aettmit  emperature in container blocks of the movable ljsipe

per length unit,C>* is the specific isobar heat capacitydrops by about 5€ during the unloading time. The
of gas, J/(k&K). pressure drop during unloading for the Schemes#? a
This system of equations allows problem solvingt3 is almost the same, but it is slightly fasteanttfor
under the conditions of non-stationary operatiordeso the Scheme #1. Accordingly, when using the Schemes
if the change flow of parameters is negligible. #2 and #3 the time of container ship loading-uniogd
There are developed three schemes of the shill shorten probably in 30 minutes. Due to thet fiat
unloading according to the offered layout of the@N the Scheme #3 is more complicated than the Schéme #
ship and pipeline strapping of the containers syste and #2, and the Scheme #1 demonstrates worse
The first scheme is demonstrated in Figure 7 amslat loading-unloading results, it is recommended tolapp
typical scheme of the LNG ship unloading. Accordinginloading Schemes #2.
to this scheme the mooring to the shore commuroitsti For a detailed examination of the pressure change
and docking station are located in the bow of thip s dynamics in a CNG ship we made a diagram of the
(Figure 1). pressure and temperature dependencies for eack. bloc
This ship unloading scheme has a number dfigure 14 demonatrates the graphic dependenceeof th
technological constraints and this fact interfe@¥G absolute pressure change in a CNG ship for thensieco
ship unloading in due time (12 hours). Figure 8&mnloading scheme for the entire period of simutatio
demonstrates a diagram of the ship unloading ie o&s According to the simulation results it can be noted
bow mooring but the ship pipeline communications cathat the largest difference in absolute pressurd an
combine the bow and the stern of the ship. Furtoeem temperature is observed in the block of contairt
two connection points allow more flexible contrdi oand #6 (0.5-0.7 bar for pressure and °O.5for
unloading modes (Scheme #2). temperature). Figure 15-16 demonstrates the results
As an alternative we examined the scheme of thed pressure and temperature simulation in individua
ship unloading under the conditions of ships maptm container blocks. It should be emphasized thaeims
the shore communications and connection of the shif CNG ships the difference is negligible, gengrall
communications in three points (Figure 3). Thisesok indicating the even ship unloading.
is demonstrated in Figure 9.
Calculations for unloading process were performed  Conclusions
under the following initial conditions:
the absolute pressure of the natural gas in a According to the research results it is offered the

movable pipeline — 20 MPa; scheme of the CNG ship unloading under the corrditio
the absolute temperature of the natural gas inadd the bow mooring to the port facilities and the
movable pipeline — 293 K. presence of the bow and stern containers blocks

connections to the pipeline communications.
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Figure 9 — The scheme of the ship unloading with &nloading points
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Figure 10 — Dynamics of absolute pressure changeanCNG ship depending on the unloading scheme
for the entire simulation period
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Figure 11 — Dynamics of absolute pressure changeanCNG ship depending on the unloading scheme
for the final unloading phase
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Figure 12 — Dynamics of the temperature change in@NG ship depending on the unloading scheme
for the entire simulation period
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Figure 13 — Dynamics of the temperature change in@NG ship depending on the unloading scheme
for the final unloading phase
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Figure 14 — Dynamics of the absolute pressure chamgn a CNG ship for the second unloading scheme
for the entire period of simulation
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Figure 15 — Dynamics of the absolute pressure chamgn Block #2 and #6 of the CNG ship
for the second unloading scheme for the final pertbof unloading
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Figure 16 — Dynamics of the temperature change inl8ck #2 Block and #6 of the CNG ship
for the second unloading scheme for the final pertof unloading
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There are offered two concurrent unloading points  [5] CNG Compressed Natural Gas CNG Marine
with the maximum unloading capacity of 150 kg/seThTransport. EnerSea, 2013. Available from: www.enersea.com.
further layout of the turbo expander and compressét® M[?]’ 2813]- Natural Gas T o NG

; ompressed Natur as Transportation,
gg#lement should result from the offered parameterr?ansport. Sea NG, 2013. Available from: www.coselle.com.

. .. [16 May 2013].
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OnTuMisauifa pexxumiB po3BaHTaXXeHHS1 CTUCHYTOro NPUPOAHOro rasy
TPaHCNOPTOBAHOro CyAHaMU-KOHTENHEPOBO3aMu

€.1. Kpuscaniecokuit, O.M. Cycak, Ban.B. 3aityes

leano-®@pankiecvkuil HayioHaILHUL MEXHIYHULL YHisepcumem Hagmu i 2asy;
syn. Kapnamcuvka, 15, m. Iséano-@panxiscok, 76019, Vrpaina

MerTo10 [OCHIKEHHS € PO3paxyHOK IapaMeTpiB BHBAHTAXKCHHS Cy[HA <PYyXOMOro TPYOONPOBOAY», SIK YACTHHH BaH-
taxkroro mwiany CNG cyzaHa, po3po0ieHHs TeXHOIOTi9HOI cxeMu 00B’ si3ku 0110kiB koHTeiiHepiB CNG cynHa, po3pobka cxemu
BuBaHTaxeHHs: CNG cy/iHa 32 yMOB Pi3HHX CXEM IIBAPTYBaHHS, PO3PaXyHOK HapaMeTpiB MIOTOKY ra3y B MPOLIECI BUBAHTAKCHHSL.

HayxoBa HOBI3HA poOOTH MoONATae B OOIPYHTYBaHHI TEXHOIOTIYHOI 0OB’ 13K OJIOKIB KOHTEHHEPIB 3 METOI0 PiBHOMIPHOTO
3aBaHTaxeHms/po3pantakennss CNG cyaHa, Bu3HA4YeHHS HEOOXINHOI MPOMYKTHBHOCTI TOYOK BHBAHTAXCHHS 3 METOIO
3a0e31eUCHHS TPUBAIOCTI BUBaHTa)XeHHs He Oisbiue 12roz.

3a pesynbraTaMu JOCIIKEHb HPOMOHYEThesi cxema BuBaHTaxkeHHS CNG cyaHa 3a yMOB HOCOBOTO IIBapTyBaHHS [0
MIOPTOBUX CHOPY/ 1 HASSBHOCTI HOCOBOTO T KOPMOBOT'O 3’ €JHAHHS OJIOKIB KOHTEHHEPIB 10 TPYOOIPOBITHUX KOMYHIKAIIiH.

IporoHyroThCsl [Bi MapajielbHi TOYKA PO3BAHTAXKCHHS 13 MaKCHManbHOIO mnponykruBHicTio 150 kr/c. Ilomanbima
KOMIIOHOBKA TypOOJIETaHIEPHOr0 Ta KOMIIPECOPHOTo 00T JHAHHS IOBUHHA BUXOHTH i3 3aIIPOIIOHOBAHOI CXEMH ITapaMeTpiB.

JloBenieHo, 1o AJIsI 3alpONOHOBAHOI CXEMH TPYOONPOBITHUX KOMYHiKamii Ta MPOAYKTHBHOCTI ABOX MApaielbHUX TOYOK
BHBAHTKCHHS CIIOCTEPIracThCsi PIBHOMIpHE BHBaHTaKCHHS CynHa (DI3HHISL THCKIB TI0 OKpeMHX OJOKax KOHTEHHepiB
(0.5-0.76ap), mpore, 3a paxyHoK (i3HuHEX TpoIeciB apocemoBants rasy B CNG 6anoHax, CIIOCTEPIiracThCsi CyTTEBE PiBHO-
mipre (mo minyc 30 °C) 3HIDKEHHS TeMIlepaTypy ra3y. Y HOTaNbIINX IOCIDKEHHSX MOTPIGHO POTIISHYTH BIUIHB 3HIKCHHS
TEeMIIepaTypyu Ha MeXaHI4Hi BIacTHBOCTI Kommo3utHoro marepiany CNG GasoHiB. 3arajoM 3ampornoHOBaHa cXeMa BHBaHTa-
JKEHHS J]aCTh 3MOTY 3[IICHIOBATH OIepalil 3 PO3BaHTAXKCHHS Cy/IHA 32 CKOHOMIUHO OOIPYHTOBaHHMiA mepio yacy B 12 romuH.

OpepxaHi pe3yabTaTH MOXKHA BHKOPHUCTOBYBAaTH IUISl TIOAANBIIOrO PO3POOJICHHS TEXHOJNOTiYHOI CXEMH HA3eMHOTO
obnannanus wis migkmrodeHHss CNG cynHa, migbopy TeXHOIOTi4HOro 001aAHAHHS, OLHKU BIUIUBY MapaMeTpiB MOTOKY rasy Ha
MEXaHi9HI BIACTUBOCTI METATy TPYO 1 KOMIIO3UTHOT'O MaTepiaiy.

Kutouogi coBa: CNG 6anornu, CNG cyono, CNG mpancnopm.
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